Abstract. Jackson queueing networks (JQNs) are a very general class of queueing networks that find their application in a variety of settings. The state space of the continuous-time Markov chain (CTMC) that underlies such a JQN, is highly structured, however, of infinite size in as many dimensions as there are queues. We present CSL model checking algorithms for labeled JQNs. To do so, we rely on well-known product-form results for the steady-state probabilities in (stable) JQNs. The transient probabilities are computed using an uniformization-based approach. We develop a new notion of property independence that allows us to define model checking algorithms for labeled JQNs.
Introduction
Queueing networks have been used for about half a century now, for modeling and analyzing a wide variety of phenomena in computer, communication and logistics systems. Seminal work on queueing networks was done by Jackson in the 1950s [11, 12] ; in which he developed an important theorem that characterizes the steady-state (long-run) probabilities to reside in certain states in a restricted class of queueing networks (see the next section).
However, there are many phenomena in the above classes of systems that cannot be studied well using these long-run probabilities. In communication system models, the following situations reflect such cases: (i) what is the probability that starting from an initial empty system, within t time-units, at least k i packets are buffered at queue i? (ii) what is the probability that starting from an overload situation, e.g., characterized by at least L packets at each queue, within t time-units, a low load situation, e.g., characterized by at most l << L packets at each queue is reached again? Clearly, the above sketched scenarios require more than just long-run probabilities. Since logics like CSL have been shown to be extremely helpful in specifying similar properties for finite CTMCs [2,3], we also pursue a CSL model checking procedure for the CTMCs that underlie so-called Jackson queueing networks
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The rest of this paper is organized as follows. We introduce JQNs in Section 2 and discuss the form of the underlying state space and transition relation in detail in Section 3. We briefly rehearse the logic CSL in Section 4, before we discuss the model checking algorithms for all the CSL operators in Section 5. Note that we restrict ourselves to the time interval [0, t] for the time-bounded until operator. Finally, Section 6 presents some conclusions. A running example to illustrate the key concepts and procedures is provided throughout the paper.
Jackson Queueing Networks
Jackson queueing networks (JQNs) consist of a number of interconnected queueing stations, numbered 1, . . . , n. At each individual queueing station i, jobs arrive with a negative exponential inter-arrival time distribution with rate λ i , and the job service requirements are also negative exponentially distributed, however, with rate μ i . There is a single server at each queueing station 1 Jobs arriving at a queue are served in first come first served (FCFS) order. Jobs arriving when the server is busy, are queued in an unbounded buffer. Each queue in a JQN behaves, in essence, as a simple so-called M |M |1 queue. We assume a never empty source from which customers originate and arrive at the JQN, and into which they disappear after having received their service. This environment is indexed 0 and the overall arrival process from the environment is a Poisson process with rate λ.
